An existing infrared (IR) analysis system is generally composed of infrared source, IR focusing lenses, IR detector, and optical chopper. An optical chopper is widely used in combination with lock-in amplifier to improve the signal-to-noise ratio by periodically interrupting incident light beam. During recent years, a few researches on miniaturized optical chopper have been reported to apply to microscaled optical systems. In this paper, a micro optical chopper operated by electromagnetic actuation is proposed and applied to a miniaturized micro-scaled optical system operating in IR spectral range. Additionally, the fabrication method of the proposed micro chopper is demonstrated. The proposed micro optical chopper is composed of the polydimethylsiloxane (PDMS) membrane, solenoid, and permanent magnet. The permanent magnet is bonded on the PDMS membrane using an ultraviolet-activated adhesive. The operation of the chopper is based on the attractive and repulsive forces between permanent magnet and solenoid induced by an electrical current flowing through the solenoid. The fabricated micro optical chopper could operate up to 200 Hz of frequency. The maximum operating distance of the chopper with 7 mm diameter membrane was 750 µm at 100 Hz of frequency.
INTRODUCTION
Recently, researches on infrared (IR)-ray have been actively conducted due to a number of interesting characteristics of IR-ray [1] [2] [3] [4] [5] . Researches on material analysis using IR analysis system are one of the most actively studied fields because they are very exact and simple method to identify material ingredients [6] [7] [8] [9] [10] .
However, the applications of those IR analysis system to portable equipment is limited because of its large size and complex structure. Therefore, many researches are focused on minimizing the size of the IR analysis system to broaden their applications [11] .
The IR analysis system is basically composed of IR source, IR focusing lenses, IR detector, and optical chopper, as shown in Fig.   1 . Many studies on partly miniaturized IR analysis system component have been reported to achieve minimizing IR analysis system [12, 13] . Especially, researches focused on miniaturization of IR source, IR lenses and IR detector are widely reported [14, 15] . However, despite miniaturized optical chopper is the essential part of an IR analysis system, only few researches on miniaturized optical chopper have been reported.
The optical chopper is periodically interrupting the incident IRray to prevent the temperature saturation of the IR detector or to improve the signal-to-noise ratio. The optical chopper is essential in the field using thermal characteristics of IR-ray. To miniaturize the complete IR analysis system, development of micro optical chopper is essential.
In this paper, a simple miniaturized optical chopper realized using micro machining technique is proposed. The micro optical chopper is composed of micro solenoid, NdFeB permanent magnet and membrane. The micro optical chopper is simply fabricated and easily integrated with a micro IR analysis system because of its where µ denotes magnetic permeability of the solenoid core, N is number of solenoid winding turns, l is height of the solenoid, and I is the bias current. Light blocking operation by raising permanent magnet attached on PDMS membrane is shown in Fig. 4 (a) . The distance between permanent magnet and solenoid is increased by a repulsive force induced by an electrical positive current. Fig. 4 (b) shows light passing operation by attracting the permanent magnet to downward direction. The direction of magnetic flux density is reversed when the negative bias current is applied to the solenoid. Fig. 4 (c) shows the actuation of permanent magnet by AC current.
EXPERIMENTAL

Design and Operation Principle
By continuously changing the direction of the magnetic flux density around the solenoid loop by AC current, the attractive and repulsive forces are alternately applied to the permanent magnet. Therefore, the permanent magnet can be vibrated vertically. The size comparison of fabricated micro optical chopper with conventional bulk type chopper is shown in Fig. 6 (b) . Fig. 7 shows the micro IR analysis system containing fabricated micro optical chopper. The optical fiber is used to make optical path between IR source and IR detector. By placing the chopper in optical path, the IR-ray is interrupted and it is possible to adjust the amount of incident IR-ray exposed to IR detector. The wavelength of used IR source is 940 nm. At on state, the height of permanent magnet is increased by applying a repulsive force between the permanent magnet and solenoid. As a result, the At off state, the height of the permanent magnet is decreased by applying an attractive force between the permanent magnet and solenoid, and the entire IR-ray exposes IR detector. 
Fabrication
RESULTS AND DISCUSSIONS
CONCLUSIONS
The conventional bulky chopper is not suitable to apply to the IR analysis system due to its large size and bulky structure. To 
